ABSTRACT. Phylogenetic species concepts, in their many forms, represent an advance over previous species concepts because of their improved ability to relate species to historical patterns of evolution. A plea is made to recognize the importance of the distinction between species identifiable on the basis of uniquely derived characters (here termed apospecies) and those identifiable on the basis of a unique combination of characters, but absence of any uniquely derived character (plesiospecies). This distinction brings species concepts and phylogenetic studies more closely into accord. The ability to identify ever-finer patterns of relationship by molecular methods may result in impractical species delimitations if rigorous adherence to diagnosability or to monophyly of gene trees is the final arbiter of species. The study of gene trees and cryptic molecular characters should be used to examine processes within and among species and to clarify relationships when more readily observable characters are misleading. Operational definitions of species, based on either diagnosability or congruence among gene trees, should be viewed as hypotheses of species and as part of the process of discovering evolutionary patterns in nature that we call "species."
A phylogenetic species concept (PSC) (e.g., following Cracraft 1987, and Nixon and Wheeler 1990) , in which species are diagnosed by a unique combination of characters, is a useful and dramatic improvement over biological species concepts for the purpose of classification and the construction of cladograms (e.g., Cracraft 1989; Donoghue 1985) . However, this approach neglects much historical evolutionary information (specifically that concerning relationships among populations within species and between progenitor and derivative species) and divorces the study of what constitutes species from the study of evolutionary processes and the processes that maintain species identity.
Proponents of the PSC emphasize the distinction between phylogenetic relationship (hierarchical, divergent relationship among species and higher taxa) and tokogenetic relationship (nonhierarchical, reticulate relationships among individuals within interbreeding populations). They assert that species are the basal phylogenetic units and that no resolvable phylogenetic structure can exist within a species (Nixon and Wheeler 1990) . To be internally consistent, this view requires the interesting position of denying that there are recoverable cladistic relationships among populations within species, or else that lineages of populations exhibiting such relationships must represent distinct species. Davis and Nixon (1992) take this next logical step by establishing criteria for sorting populations into phylogenetic species. They accept that populations may have recoverable phylogenetic histories and then simply drop the level at which species are circumscribed to the lowest level at which a population or set of populations may be diagnosed on the basis of their criteria (Davis and Nixon 1992) . The extension of a rigid adherence to logical consistency in this argument requires the acceptance as a species of any population fixed for a unique nucleotide at any position in a DNA sequence.
In an effort to place the PSC into an evolutionary context, a modified view of species as evolutionary lineages to be "discovered" (rather than diagnosed in an operational fashion as in Davis and Nixon 1992) has been proposed (Donoghue 1985; de Queiroz and Donoghue 1988; Baum and Shaw 1995) . In this view, a species must be an exclusive group of organisms "whose members are more closely related to each other than to any organisms outside the group" (Baum and Shaw 1995) . The concept of exclusivity encompasses both tokogenetic (reticulate) and phylogenetic (divergent) relationships, with species being the basal-most exclusive groups of organisms residing at the reticulate /divergent boundary (Baum and Shaw 1995) .
There is value in identifying independent [Volume 20 lineages, with their own evolutionary trajectories; this is an essential implication of Wright's hierarchical F-statistics (Wright 1965) and much subsequent population-genetic research (e.g., Slatkin 1985) . A population that does not interbreed with other populations is an independent evolutionary lineage (e.g., Ehrlich and Raven 1969) . It is not clear how redefining such a unit as a species adds to our understanding. When more is known about the history of populations (e.g., with modern genetic methods) and the biology of the organisms, it may be counter-productive to treat all such independent lineages as equivalent. For example, some non-independent lineages of populations may have evolved readily observable differences or be biologically incapable of sharing genes, whereas others may be temporarily non-interbreeding for historical reasons, but have not diverged in any observable character and retain the ability to share genes. Individuals within interbreeding populations usually are not considered appropriate units for phylogenetic study (Hennig 1966 , but see Vrana and Wheeler 1992) . However, it is not clear that individual populations are a priori appropriate (e.g., de Queiroz and Donoghue 1988) or inappropriate (Nixon and Wheeler 1990) as terminals in a phylogenetic analysis. This is a question whose resolution demands empirical study rather than either definitions (e.g., Nixon and Wheeler 1990) or hypothetical examples (e.g., de Queiroz and Donoghue 1988) . The work of Davis and Manos (1991) is a positive example.
POPULATION HISTORY AND
PLESIOMORPHIC SPECIES Hennig (1966, p. 31) illustrated the contrast between tokogenetic and phylogenetic relationships in a figure that has been reproduced frequently in discussions of species (e.g., de Queiroz and Donoghue 1988; Nixon and Wheeler 1990 ; O'Hara 1993; and several talks in the symposium to which this paper was a contribution). The example effectively distinguishes tokogeny from phylogeny, but it is an oversimplification to imply that any widespread species can be represented as a single panmictic population prior to the origin of a new (descendant) species with a novel character. Apart from Hennig's assertion of species differences existing between the two diverging groups of individuals, the figure illustrates equally well the relationship that exists through the divergence of any two populations once interbreeding ceases.
A primary point of departure for phylogenetic studies in comparative biology is the identification of derived traits marking lineages as monophyletic. It is implicit in Darwin's view of "descent with modification" and in Hennig's (e.g., 1966, p. 211) view of interpreting patterns of evolutionary relationship that the fixation of derived traits and the origin of species are coincident (see also Donoghue 1985, p. 179 ; for an alternative interpretation see Baum and Donoghue 1995) .
When considering the two important elements identified above-the cessation of tokogenetic relationships and the fixation of a novel trait-it seems clear that the latter is the most fundamental to the recognition of species. As such, an important evolutionary distinction exists between groups of individuals bearing a derived trait, or apomorphy, and those distinguished only by ancestral traits, or plesiomorphies, relative to other groups of individuals. As an expansion of the phylogenetic species concept, in which a species is a population or set of populations possessing a unique combination of characters (Nixon and Wheeler 1990) , I propose that the importance of the evolution of novel characters be acknowledged by recognizing two types of species ( Fig. 1 ): apospecies, which possess a uniquely derived character, and plesiospecies, which lack any uniquely derived character. These terms are close in meaning to "cladospecies" and "paraspecies" of Ackery and Vane-Wright (1984) , but are more explicitly descriptive of the two types of species and avoid the confusion of terms noted by Ackery and Vane-Wright (e.g., the prior use of the term paraspecies in paleontology) and Donoghue (1985) . Apospecies and plesiospecies, as well as metaspecies (Donoghue 1985 ; discussed below), are post hoc labels that require hypothesis of relationship before they can be assigned.
At the time of origin, an apospecies will consist of a single population and, if its plesiospecies progenitor consists of more than one noninterbreeding population, one or more of the plesiospecies' populations will be more closely related to the new species population than to others of its own species (Fig. 2 ). An apospecies will always comprise a monophyletic set of populations (if consisting of two or more non-interbreeding populations). However, a plesiospecies could comprise either a monophyletic or paraphyletic set of populations (if consisting of two or more non-interbreeding populations) and it may not be possible to distinguish readily between the two. There has been extensive debate concerning the appropriateness of the term "monophyly" to describe relationships below the species level (Nixon and Wheeler 1990; Vrana and Wheeler 1992; Baum and Shaw 1995) . For purposes here, I will accept that groups representing evolutionary lineages, whether populations, species, higher taxa, or even gene sequences in a gene tree, may be called monophyletic based on the pattern of relationships inferred among them (Vrana and Wheeler 1992) . At the same time, I accept that a subset of a group of interbreeding individuals cannot be called monophyletic.
The distinction between apospecies and plesiospecies is recognized in the "metaspecies" concept of Donoghue (1985) and de Queiroz and Donoghue (1988) . In this concept the term "species" is reserved for a set of populations bearing an apomorphy (= apospecies) and a set of populations characterized by the plesiomorphic state of a character is termed a metaspecies, so long as no cladistic resolution exists among the populations included in the metaspecies. Metaspecies are provisionally accepted as species, because further research may conclude that they share an apomorphy. In their construction of the PSC, a set of populations that can be identified as "positively paraphyletic" (i.e., when evidence indicates that a suboutgroup "Plesiospecies" "Apospecies" [Volume 20 set of populations is more closely related to the apomorphic species) is unacceptable as either a species or a metaspecies. The hypothetical examples used by Donoghue (1985) and de Queiroz and Donoghue (1988) include derived characters mapped onto cladograms with the implicit assumption that all such characters are "observable." The observation of a character that makes a set of populations constituting a metaspecies positively paraphyletic will split that metaspecies into two metaspecies, or one metaspecies and a new apomorphic species (there still being a third set of populations bearing an apomorphy and called a species). The tern "metaspecies" is used as a conditional statement of lack of knowledge concerning relationships. In contrast, "plesiospecies" is used here in a more inclusive context to recognize evolutionary relationships among population lineages that may be positively paraphyletic and therefore unacceptable in either the "species" or "metaspecies" categories of Donoghue (1985) .
In an expansion upon the PSC, Baum and Shaw (1995) incorporate a gene coalescence model (Avise and Ball 1990; Hudson 1990 ) to develop their "Genealogical Species Concept" (GSC), in which the congruence among gene trees for non-recombining segments of DNA is proposed as evidence for monophyly [Baum and Shaw (1995) used the term "exclusivity" to distinguish their concept from some other ideas of monophyly; Baum and Donoghue (1995) ]. Exclusive groups of organisms (monophyletic sets of populations in their example) are then identified as genealogical species and sets of organisms (populations) for which monophyly cannot be demonstrated are termed metaspecies (Donoghue 1985) . Positively paraphyletic sets of organisms (populations), as indicated by gene trees, are unacceptable in either category and are considered to represent more than one metaspecies if coalescence (indicating monophyly) cannot be demonstrated within either subset. The logically consistent extension of the GSC is that widespread progenitor "species," consisting of many non-interbreeding populations, which have recently given rise to a derivative species (e.g., Gottlieb 1973) can no longer be considered a species. A further implication is that any individual population founded by a very small number of colonists and not interbreeding with any other population for a sufficient number of generations may have gene genealogies of its members that coalesce at a time since the founding, and, therefore, would qualify as a species under the GSC.
The distinction between apospecies and plesiospecies is not recognized in the PSC of Nixon and Wheeler (1990) , although the information could presumably be recovered from a cladogram with character transformations plotted on it. This distinction is recognized in the metaspecies concept of Donoghue (1985) and the GSC of Baum and Shaw (1995) , but neither of the latter accepts the possibility of positively paraphyletic sets of populations as "species."
The history of relationships among populations forms a fluid and changing pattern. The primary processes that influence that pattern are the establishment of new populations by colonization from a pre-existing one (or by splitting of one into two), extinction of populations, and the gene flow among existing populations. These processes result in a historical pattern that is much more complex than the dichotomizing cladistic pattern that exists among taxa above the species level, while at the same time containing some of the elements of that pattern overlain on a pattern of genealogical relationships among individuals (Avise and Ball 1990; Maddison 1995) . Figure 3 models the relationship among populations in a plesio-/ apospecies pair immediately following origin of the apospecies. At this point a single population exists in the apospecies, whereas a set of populations, of complex relationship, exists in the plesiospecies. The multiple extant populations in the plesiospecies are the result of colonization and extinction and form a dichotomizing pattern. Gene flow (represented by arrows) results in tokogenetic relationships among some populations. The net result at the time of origin of the apospecies is that the plesiospecies consists of a paraphyletic set of populations, in which some population lineages are not connected by gene flow to other population lineages. Figure 4 follows the history of the same species pair through time. The apospecies now has its own complex pattern of historical relationships among populations and the plesiospecies comprises a monophyletic set of populations. The point of this example is that 1) tokogenetic relationships vary dramatically (due to gene flow among existing populations); 2) the genealogical relationships among populations may change from paraphyletic to mono- phyletic in the plesiospecies, and 3) only the apomorphy/plesiomorphy relationship remains constant.
Coalescent theory, which has been brought into the debate regarding species (Baum and Shaw 1995; Maddison 1995) , was developed primarily in the context of population genetics (Hudson 1990) . Coalescent theory makes use of the information that exists in reconstructed gene trees to examine the historical relationships among alleles borne by individuals. The extension of coalescent theory to the context of species is not straightforward. Factors that affect rates of coalescence within a population (population size, mating system, population fluctuations, and gene flow) are all factors that contribute to estimates of effective population size. However, the important factors relative to the history of populations of plesiospecies (and to species questions in general) are somewhat different, because the problem relates to multiple populations. Coalescence of gene trees among populations within a species is dependent on migration, including both gene flow between existing populations and the colonization of new populations from pre-existing ones. The rate of coalescence of gene trees among populations will be slow when gene flow between existing populations is the primary form of migration, whereas the coalescence rate will be rapid when frequent colonization combined with low population persistence (i.e., frequent population extinction), is the predominant pattern of migration (Hudson 1990 ). The study of gene trees affords a test of the importance of these two factors in determining the pattern of historical relationships among populations. The biological species concept carries the implication of gene flow between populations, yet short persistence times for populations (Mangel and Tier 1993) and a pattern of population colonization (Levin 1993 ) may best account for the pattern of historical relationships among populations within species.
How does this model relate to some of the phylogenetic species concepts currently advocated? The PSC (Nixon and Wheeler 1990) does not recognize the apomorphic/plesiomorphic distinction among species and requires unrealistically fine species distinctions when evidence is found for phylogenetic relationships among populations. The concept of metaspecies (Donoghue 1985; de Queiroz and Donoghue 1988; Baum and Shaw 1995) rejects species status for paraphyletic groups of populations, even though that is likely to be a common occurrence, es- pecially following the origin of a new species from a widespread existing species (Vrana and Wheeler 1992; Rieseberg and Brouillet 1994) . The GSC (Baum and Shaw 1995) emphasizes monophyly (exclusivity, in their terms) at the expense of recognizing novelty, holding that the greater difference is between monophyly and paraphyly than between apomorphy and plesiomorphy. When applied to plesiospecies, this is likely to result in over-emphasizing something that is ephemeral and changing (i.e., historical relationships among member populations). Many plesiospecies probably go through a period of paraphyly that varies in duration depending on many factors, such as the relative importance of colonization and extinction of populations vs. gene flow among populations. In fact, a paraphyletic set of populations may exhibit more genetic and reproductive cohesiveness (for historical and proximate reasons) immediately following the origin of an apospecies (Fig. 3 ) than it will some time later after extinction and recolonization have left only a single lineage of populations (Fig.  4) .
For practical considerations, I argue that sets of populations identifiable as paraphyletic on the basis of gene trees alone (or on the basis of such cryptic traits as isozyme variants) should be considered species-plesiospecies-and not split into multiple phylogenetic species or metaspecies. Rather than being the arbiter of species circumscription, let the information from gene trees be used to examine interesting questions regarding the evolution of populations and species (e.g., Why stasis among disconnected lineages of populations? What processes are most important in determining the pattern of historical relationships among populations?). Why not use more conventional criteria (i.e., readily observable characters) for delineating species? These would be viewed best as hypotheses of species identity (in the sense that cladograms are hypotheses of evolutionary history), rather than definitions of species. At the same time I recognize that there will be times when cryptic characters, such as gene trees and allozymes, may enlighten species circumscriptions (i.e., provide a test of species hypotheses) when other evidence is misleading (e.g., when morphological convergence results in similarity that is misinterpreted in identifying species; Olmstead 1989) . Basing species on characters or gene trees, when no characters more evident than nucleic acid bases at particular positions in a DNA sequence are available to distinguish populations, seems a doomed concept.
In conclusion, no novel species concept is proposed here, rather a plea is made to bring the conceptual study of "species" closer to the empirical study of systematics and evolution. The incorporation of phylogenetic principles into species concepts represents an advance over previous attempts to understand what species are. However, two prominent versions of the phylogenetic species concept (e.g., the "PSC" of Nixon and coworkers and the "GSC" of Baum and coworkers) suffer from the same rigid adherence to logical consistency, which proves to be a hindrance to their application. My preference lies with the underlying philosophy of species as real evolutionary products to be discovered, rather than systematic units to be defined by some predetermined criteria. In this context any approach to recognizing species through species definitions should be recognized as hypotheses of evolutionary relationships among the member individuals. The PSC of Nixon and Wheeler (1990) and the criteria proposed by Davis and Nixon (1992) provide an operational approach to developing hypotheses of species. However, two fundamentally different evolutionary relationships may be discovered by this approach (herein termed apospecies and plesiospecies). Recognizing and distinguishing them provides a valuable connection between the systematic study of species and the study of evolutionary processes. The emphasis on monophyly, or exclusivity, of the GSC (Baum and Shaw 1995) recognizes one of the two fundamental evolutionary relationships (apospecies), but relegates the second fundamental relationship (plesiospecies, e.g., paraphyly of potentially interbreeding populations) to one of no systematic significance. The recognition of two types of species, apospecies and plesiospecies, is not inconsistent with a philosophy of adherence to monophyletic groups in classification at higher levels, because gene flow among lineages of populations in a plesiospecies may render the paraphyly transitory and result in a monophyletic (exclusive) group, whereas this is not possible at higher levels in the taxonomic hierarchy.
